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(57) ABSTRACT 

The present liquid crystal display is obtained by disposing, 
between tWo parallel substrates on Which a pair of electrodes 
are formed, tWo alignment controol ?lms, and a liquid crystal 
composition comprising a liquid crystal and a polymeriZable 
compound that can be polymerized by light, a heat or a 
combination thereof, and then polymerizing the polymeriz 
able compound. If the liquid crystal tobe used is one having a 
negative dielectric constant anisotropy, the alignment control 
?lms are vertical alignment control ?lms having been sub 
jected to rubbing processing so that the rubbing directions are 
parallel to each other, and When voltage is not applied, only 
liquid crystal molecules in a speci?c area in a pixel present the 
splay alignment. According to the present invention, a liquid 
crystal display device having a high-speed response can be 
implemented. 
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LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a liquid crystal dis 
play device. 
[0003] 2. Description of the Related Art 
[0004] As the applications of liquid crystal devices to TV 
increase, the demand for liquid crystal display devices Which 
respond at a high-speed to handle moving pictures is progres 
sively increasing. Some high-speed response liquid crystal 
display devices use ferroelectric liquid crystals. But there are 
many problems With ferroelectric liquid crystals, including 
dif?culties in maintaining a stable layer structure. 
[0005] Modes for implementing a high-speed response 
using a nematic liquid crystal include an OCB (Optically 
Compensated Bend) mode and an OCS (Optically Compen 
sated Splay) mode. According to these modes, the rubbing 
directions of both substrates are the same, and the alignment 
of liquid crystal molecules is formed such that the splay state 
becomes a loWer energy state in the horizontal alignment and 
the bend state becomes a loWer energy state in the vertical 
alignment, and these alignment states are each reversed by 
applying a predetermined voltage V6, or higher. In other 
Words, if liquid crystal molecules are aligned horizontally 
When voltage is not applied, the bend (OCB) state is imple 
mented by applying voltage, and if liquid crystal molecules 
are aligned vertically When voltage is not applied, the splay 
(OCS) state is implemented by applying voltage. In these 
modes, if the liquid crystal molecules have been maintained 
to be OCB or OCS, the alignment change speed of the liquid 
crystal molecules thereafter can be made large, and therefore 
the response time of the display can be decreased to be 
extremely short. 
[0006] In this Way, OCB and OCS modes have a feature 
Where the response time is very short in the change of all the 
grayscales, and exhibit high expectations in applications to 
TV. HoWever, these alignment states return to their original 
alignment states Where the liquid crystal molecules are stable 
in energy, if the voltage is loWer than V6,. From this original 
alignment, the alignment change speed of the liquid crystal 
molecules decreases, and the response time for a display 
cannot be decreased. 
[0007] Therefore a voltage not less than a predetermined 
voltage V6, must be applied continuously as long as the liquid 
crystal display device is in use, so that alignment does not 
return to the original alignment. OtherWise, alignment must 
be quickly shifted to the required alignment When the display 
device is turned ON. 
[0008] A method to solve this problem is to add a photo 
polymerizable monomer to the liquid crystal, and apply a 
voltage not less thanVc, in order to change the alignment state 
of the liquid crystal molecules (hereafter changing the align 
ment state may be called “alignment transition”), then ?x the 
alignment state by irradiating ultraviolet rays (e.g. Japanese 
Patent Application Laid-Open No. 2003-43474 (Claims)). 
[0009] This method Will be described With reference to 
FIGS. 1A, 1B and 1C. FIG. 1A is a cross-sectional vieW ofa 
liquid crystal display panel vieWed from the side When a pair 
of vertical alignment control ?lms 2 are formed on a pair of 
substrates 1, and have been rubbed so that the rubbing direc 
tions are parallel to each other, betWeen Which a liquid crystal 
composition comprising a liquid crystal 3 having a negative 
dielectric constant anisotropy and a polymerizable compound 
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4 Which can be polymerized by light, heat or a combination 
thereof is ?lled. In FIG. 1A, the arroWs indicate the rubbing 
direction. In this case, voltage is not applied betWeen the 
substrates 1. In this state, the liquid crystal molecules 3 are in 
the bend state, as shoWn in FIG. 1A. 
[0010] If a voltage not loWer thanVC, is applied in this state, 
the liquid crystal molecules 3 change to the splay state, as 
shoWn in FIG. 1B. If ultraviolet rays are irradiated, for 
example, as shoWn in FIG. 1C, While maintaining this state 
(that is, While voltage is continuously applied), then resin 
?lms 5 made of the polymer are formed, and the alignment 
state of the liquid crystal molecules 3 is ?xed. 
[0011] FIGS. 2A, 2B and 2C shoW the case ofliquid crys 
tals having a positive dielectric constant anisotropy. FIG. 2A 
is a cross-sectional vieW of a liquid crystal display panel 
vieWed from the side When a pair of horizontal alignment 
control ?lms 2 are formed on a pair of substrates 1, and have 
been rubbed so that the rubbing directions are parallel to each 
other, betWeen Which a liquid crystal composition comprising 
a liquid crystal 3 having a positive dielectric constant anisot 
ropy, and a polymerizable compound 4 Which can be poly 
merized by light, heat or a combination thereof, is ?lled. In 
FIG. 2A, the arroWs indicate the rubbing direction. In this 
case, voltage is not applied betWeen the substrates 1. And in 
this state, the liquid crystal molecules 3 are in the splay state, 
as shoWn in FIG. 2A. 

[0012] If a voltage not loWer thanVc, is applied in this state, 
the liquid crystal molecules 3 change to the bend state, as 
shoWn in FIG. 2B. If ultraviolet rays are irradiated, for 
example, as shoWn in FIG. 2C, While maintaining this state 
(that is, While voltage is continuously applied), then resin 
?lms 5 made of the polymer are formed, and the alignment 
state of the liquid crystal molecules 3 is ?xed. 
[0013] HoWever, a large quantity of monomers must be 
added to ?x the alignment after the alignment transition, and 
the problems here include phenomena that monomers do not 
dissolve suf?ciently into the liquid crystal, and coagulation is 
generated at polymerization, With the result that ?xing the 
alignment after the transition Without dropping the display 
quality is dif?cult. Also With this method, the range Where 
retardation can be changed is small, and the change of trans 
mittance With respect to the change of the applied voltage is 
small. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to provide a 
liquid crystal display device Which can solve these problems 
and present a high-speed response. Other objects and advan 
tages of the present invention shall be clari?ed in the descrip 
tion herein beloW. 
[0015] One aspect of the present invention provides a liquid 
crystal display device obtained by disposing, betWeen tWo 
parallel substrates on Which a pair of electrodes are formed, 
tWo alignment control ?lms, and a liquid crystal composition 
comprising a liquid crystal and a polymerizable compound 
that can be polymerized by light, heat or a combination 
thereof, and then polymerizing the polymerizable compound, 
Wherein the liquid crystal is a liquid crystal having a negative 
dielectric constant anisotropy, the alignment control ?lms are 
vertical alignment control ?lms having been subjected to 
rubbing processing so that the rubbing directions are parallel 
to each other, and When voltage is not applied, only liquid 
crystal molecules in a speci?c area in a pixel present a splay 
alignment. 
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[0016] It is preferable that the polymerization is performed 
only for a speci?c area in a pixel at a stage When the bend 
alignment of liquid crystal molecules at no voltage applica 
tion has been shifted to a splay alignment by applying a 
predetermined voltage. 
[0017] Another aspect of the present invention provides a 
liquid crystal display device obtained by disposing, betWeen 
tWo parallel substrates on Which a pair of electrodes are 
formed, tWo alignment control ?lms, and a liquid crystal 
composition comprising a liquid crystal and a polymerizable 
compound that can be polymerized by light, heat or a com 
bination thereof, and then polymerizing the polymerizable 
compound, Wherein the liquid crystal is a liquid crystal hav 
ing a positive dielectric constant anisotropy, the alignment 
control ?lms are horizontal alignment control ?lms having 
been subjected to rubbing processing so that the rubbing 
directions are parallel to each other, and When voltage is not 
applied, only liquid crystal molecules in a speci?c area in a 
pixel present the bend alignment. 
[0018] It is preferable that the polymerization is performed 
only for a speci?c area in a pixel at a stage When the splay 
alignment of liquid crystal molecules at no voltage applica 
tion has been shifted to the bend alignment by applying a 
predetermined voltage. 
[0019] By the above aspects of the invention, a liquid crys 
tal display device having a high-speed response can be imple 
mented. 
[0020] In both of the above aspects, it is preferable that 
polymerization is performed by light, heat or a combination 
thereof for an area other than the speci?c area after the above 
described polymerization, that the speci?c area is an area 
Where an image is not displayed, that the speci?c area is on an 
image display section and is in the form of dots and/or lines, 
that the speci?c area is on a black matrix, that protrusions or 
slits of electrodes for controlling the alignment of the liquid 
crystal do not exist, that the polymerizable compound com 
prises a multi-functional polymerizable compound With tWo 
or more functions, that the polymerizable compound com 
prises a methacrylate monomer, and that the polymerizable 
compound comprises trimethylol propane trimethacrylate. 
[0021] By the present invention, a liquid crystal display 
device having a high-speed response can be implemented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1A is a schematic cross-sectional side vieW 
depicting liquid crystal molecules in the bend state in a liquid 
crystal display panel; 
[0023] FIG. 1B is a schematic cross-sectional side vieW 
depicting liquid crystal molecules in the splay state in a liquid 
crystal display panel; 
[0024] FIG. 1C is a schematic cross-sectional side vieW 
depicting a liquid crystal display panel in a state Where ultra 
violet rays are being irradiated to ?x liquid crystal molecules 
in the splay state With the result that resin ?lms are formed; 
[0025] FIG. 2A is a schematic cross-sectional side vieW 
depicting liquid crystal molecules in the splay state in a liquid 
crystal display panel; 
[0026] FIG. 2B is a schematic cross-sectional side vieW 
depicting liquid crystal molecules in the bend state in a liquid 
crystal display panel; 
[0027] FIG. 2C is a cross-sectional side vieW depicting a 
liquid crystal display panel in a state Where ultraviolet rays 
are being irradiated to ?x liquid crystal molecules in the bend 
state, With the result that resin ?lms are formed; 
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[0028] FIG. 3 is a schematic cross-sectional side vieW 
depicting a liquid crystal display panel in a state Where ultra 
violet rays are being irradiated using a mask to ?x liquid 
crystal molecules in the bend state only for a speci?c area, so 
that resin ?lms are formed; 
[0029] FIG. 4A is a schematic diagram depicting a state of 
a pixel When the pixel Was divided into four (A, B, C, D), and 
ultraviolet rays Were irradiated onto one (D) division as a 
speci?c area, and one second elapsed after a voltage of 10V 
Was applied to the state Where no voltage Was applied; 
[0030] FIG. 4B is a schematic diagram depicting a state of 
a pixel When the pixel Was separated into four (A, B, C, D), 
and ultraviolet rays Were irradiated onto one (D) division as a 
speci?c area, and ten second elapsed after a voltage of 10V 
Was applied, to the state Where no voltage Was applied; 
[0031] FIG. 5 is a schematic cross-sectional side vieW 
depicting a liquid crystal display panel in a state Where ultra 
violet rays are being irradiated using a mask to ?x liquid 
crystal molecules in the bend state only for a speci?c area, so 
that resin ?lms are formed; 
[0032] FIG. 6 is a schematic plan vieW depicting a pixel; 
[0033] FIG. 7 is a schematic plan vieW depicting an 
example of a pixel shoWing the speci?c area according to the 
present invention; 
[0034] FIG. 8 is a schematic plan vieW depicting an 
example of a pixel shoWing the speci?c area according to the 
present invention; and 
[0035] FIG. 9 is a schematic plan vieW depicting an 
example of a pixel shoWing the speci?c area according to the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0036] Embodiments of the present invention Will noW be 
described With reference to the draWings and examples. These 
draWings, embodiments and description are for shoWing 
examples of the present invention, and are not for limiting the 
scope of the present invention. Needless to say, other embodi 
ments are included in the scope of the present invention as 
long as they conform to the essential character of the present 
invention. In the draWings, the same reference symbol indi 
cates the same composing element. The same reference sym 
bol is used for both the vertical alignment control ?lm and 
horizontal alignment control ?lm. In the same Way, the same 
symbol is used for both a liquid crystal (or liquid crystal 
molecules) having a negative dielectric constant anisotropy 
and a liquid crystal (or liquid crystal molecules) having a 
positive dielectric constant anisotropy. 
[0037] The liquid crystal display device according to the 
present invention is obtained by disposing, betWeen tWo par 
allel substrates on Which a pair of electrodes are formed, tWo 
alignment control ?lms, and a liquid crystal composition 
comprising a liquid crystal and a polymerizable compound 
that can be polymerized by light, heat or a combination 
thereof, and then polymerizing the polymerizable compound. 
[0038] At this time, in the case Where a liquid crystal having 
a positive dielectric constant anisotropy, is used, the align 
ment control ?lms are horizontal alignment control ?lms 
having been subjected to rubbing processing so that the rub 
bing directions are parallel to each other, and only liquid 
crystal molecules in a speci?c area in a pixel present the bend 
alignment, When voltage is not applied. 
[0039] In order to implement this structure, horizontal 
alignment control ?lms having been subjected to rubbing 
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processing so that the rubbing directions are parallel to each 
other, are used as the alignment control ?lms, and at a step 
Where the splay alignment of the liquid crystal molecules at 
no voltage application has shifted to the bend alignment by 
applying a predetermined voltage, the above mentioned poly 
merization is performed only for a speci?c area in a pixel. 
This predetermined voltage can be arbitrarily selected, 
depending on the actual situations, from the voltages by 
Which the splay alignment of the liquid crystal molecules at 
no voltage application shifts to the bend alignment. 
[0040] For the material of alignment control ?lms, any 
knoWn material may be used, but the rubbing directions must 
be parallel to each other. If the rubbing directions are not 
parallel, such as perpendicular to each other, or are inversely 
parallel (the rubbing directions being parallel in opposite 
directions), the desired initial liquid crystal alignment cannot 
be obtained. 
[0041] The above mentioned polymerization is performed 
by light, heat or a combination thereof, but using light is 
preferable, and ultraviolet rays are particularly preferable. 
Hereafter, the case of irradiating ultraviolet rays Will be 
described. 
[0042] Whether the splay alignment of liquid crystal mol 
ecules at no voltage application has been shifted to the bend 
alignment or not can easily be determined in advance by 
experiments or the like. The degree of polymerization is not 
particularly restricted, and can be determined arbitrarily 
according to the actual situations. Irradiation of ultraviolet 
rays is advantageous, because preferable irradiation condi 
tions can be easily selected through such factors as the Wave 
length of ultraviolet rays, irradiation energy and irradiation 
time. 
[0043] Ultraviolet rays are irradiated using a mask 31, for 
example, as shoWn in FIG. 3. FIG. 3 shoWs a state Where 
liquid crystal molecules are set to the bend state by applying 
voltage, and irradiated With ultraviolet rays. In the case of 
using ultraviolet rays, irradiation is carried out from the sub 
strate surface Which does not have a layer to absorb ultraviolet 
rays, such as color ?lter (CF) 34 and black matrix (BM) 32 as 
shoWn in FIG. 3. The numeral 33 in FIG. 3 shoWs a thin ?lm 
transistor (TFT). The alignment control ?lms are indicated by 
numeral 2. 
[0044] In this Way, by performing polymerization only for 
a speci?c area in a pixel, the liquid crystal molecules in this 
area can maintain the bend alignment even if the voltage is not 
more than V6, (eg no voltage application state). Then, When 
voltage is applied, a shift to the bend alignment progresses 
using this area as a core of alignment transition, even if the 
liquid crystal molecules of the other areas are in the splay 
alignment, so a liquid crystal display device having a high 
speed response can be implemented. 
[0045] Alternatively, the speci?c area of a pixel may be set 
to a pre-tilted state, or to a state Where pre-tilting is greater 
than the other areas (this area may be called a “high pre-tilt 
area”). In this case as Well, the alignment change speed can be 
made large, and a liquid crystal display device having a high 
speed response can be implemented. In the folloWing descrip 
tion, the effect of polymerizing only a speci?c area in a pixel 
is mainly described simply as “maintaining the bend align 
ment (or the splay alignment)”, but the case of having a 
characteristic of a high pre-tilt area or the case of having both 
characteristics of a high pre-tilt area and bend (splay) align 
ment maintained area can also be regarded as an effect of the 
present invention. If the crystal molecules are initially in the 
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splay alignment (at no voltage application), the degree of 
pre-tilt is lager as the angle of the liquid crystal molecules that 
forms With the substrate surface is smaller, and if the crystal 
molecules are initially in the bend alignment (at no voltage 
application), the degree of pre-tilt is larger as the angle of the 
liquid crystal molecules that forms With a direction perpen 
dicular to the substrate face is smaller (in other Words, as the 
angle of the liquid crystal molecules that forms With the 
substrate face is larger). 
[0046] If a liquid crystal having a negative dielectric con 
stant anisotropy, is used for the liquid crystal, the alignment 
control ?lms are vertical alignment control ?lms having been 
subjected to rubbing processing so that the rubbing directions 
are parallel to each other, and only the liquid crystal mol 
ecules in a speci?c area in a pixel must present the splay 
alignment When voltage is not applied. 
[0047] This structure can be obtained by using vertical 
alignment control ?lms on Which rubbing processing has 
been carried out so that the rubbing directions are parallel to 
each other as the alignment control ?lms, and performing the 
above mentioned polymerization only for a speci?c area in a 
pixel at a stage When the bend alignment of liquid crystal 
molecules at no voltage application has been shifted to the 
splay alignment by the application of a predetermined volt 
age. 
[0048] The rubbing directions of the alignment control 
?lms, polymerization conditions and ultraviolet rays irradia 
tion conditions are the same as the case of using a liquid 
crystal having a positive dielectric constant anisotropy for the 
liquid crystal. For the material of the alignment control ?lms, 
any knoWn material can be selected if it is for vertical align 
ment control ?lms. 

[0049] By performing polymerization only for a speci?c 
area in a pixel, the liquid crystal molecules can maintain the 
splay alignment in this area even at a voltage not more than 
V6, (e.g. voltage not applied state). Or a high pre-tilt area can 
be created. By this, a shift to the splay alignment is progressed 
using this area as a core of alignment transition, even if the 
liquid crystal molecules of the other areas are in the bend 
alignment, so a liquid crystal display device having a high 
speed response can be implemented. 
[0050] In the above case, the speci?c area of a pixel can be 
determined arbitrarily as long as it is Within the essential 
character of the present invention. Here, “a pixel” includes a 
portion on a non-display area, such as a gate bus line 61, data 
bus line 62, TFT 33 and auxiliary capacity electrode 63, as 
shoWn in FIG. 6. 
[0051] In the area Where the polymerization has been per 
formed, the liquid crystal molecules shoW an alignment 
behavior Which is different from the other areas, and the color 
or the like may look different, so it is preferable that this 
speci?c area is created in a location Which is not outstanding. 
This means that this speci?c area is preferably a part of a 
non-display area. In the case of COT (Color ?lter On thin ?lm 
Transistor), for example, CF is often formed on the same side 
as TFT, on Which BM is formed, so if this speci?c area is 
formed on BM and ultraviolet rays are irradiated from the 
substrate side Where CF does not exist, the structure of the 
present invention can be easily implemented Without decreas 
ing the aperture rate of pixels. The shape of the speci?c area 
in this case is not particularly limited, and may be of any 
shape, such as lines or dots. 

[0052] If this speci?c area is on an image display section, or 
includes an area on an image display section, the color or the 
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like of the polymerized area may look different from the other 
areas, so it is preferable that this area is formed in dots and/or 
lines so as not to stand out. The size of a dot, thickness of a 

line, and the number of dots and/or lines can be arbitrarily 
determined considering the in?uence on the image quality of 
the liquid crystal display device. 
[0053] FIG. 7 to FIG. 9 shoW examples. In the drawings, 
portions ?lled in black are the speci?c areas referred to in the 
description. 
[0054] For the con?guration of the present invention, it is 
unnecessary to form protrusions and/or slits for electrodes to 
control the alignment of the liquid crystal, Which are used for 
the MVA (Multi-domain Vertical Alignment) mode. These 
protrusions and slits may be formed if desired, but it is pref 
erable to form the speci?c area avoiding portions near the 
protrusions and slits for electrodes. This is because differ 
ences in color or the like stand out more easily. 

[0055] Whether dots and/or lines are acceptable and 
Whether the speci?c area is not near the protrusions and slits 
for electrodes can be con?rmed by actually assembling a 
liquid crystal display panel and checking the image quality. 
[0056] Afterperforming the polymerization, it is preferable 
that the polymerizable compound existing in areas other than 
the speci?c area is polymerized in a state Which has little 
in?uence on the alignment behavior of liquid crystal mol 
ecules so as to stabilize the composition of the liquid crystal 
layer. If the polymerizable compound existing in areas other 
than the speci?c area remains Without being polymerized, 
polymerization progresses in a natural state, Which could 
affect the image quality of a display panel. 
[0057] For polymerizing the polymerizable compound 
existing in areas other than the speci?c area, any method can 
be used if the method has little in?uence on the alignment 
behavior of the liquid crystal molecules. Whether the method 
used has little in?uence on the alignment behavior of the 
liquid crystal molecules can be con?rmed by checking that 
the image quality of the liquid crystal display panel is not 
affected. 

[0058] Speci?cally, there is a method of performing poly 
merization by light, heat or a combination thereof, in a state 
Where voltage is not applied or Where the applied voltage is 
loWer than a previously applied voltage. In this case, condi 
tions can be selected, such as decreasing the irradiation inten 
sity of ultraviolet rays, or decreasing the irradiation time. 

[0059] In order to carry out polymerization in areas other 
than speci?c area, a mask may be used, or polymerization 
may be performed on the entire surface of the display panel 
Without using a mask. In this case, polymerization, not by 
irradiating light, but by using heat, can be performed easily. 
Even When light is irradiated, it may be useful in some cases 
to disperse the unreacted polymerizable compound into the 
already reacted area (that is the speci?c area) by performing 
heat treatment in advance. 

[0060] Polymerizing the entire surface may be performed 
before, or after, or before and after polymerizing the speci?c 
areas, but it is most effective to perform polymerization after 
polymerizing the speci?c areas When the effect of polymer 
ization of the speci?c areas is considered. Polymerizing the 
entire surface may be performed Without applying voltage to 
the liquid crystal layer, Whether it is performed before or after 
polymerizing the speci?c areas, but if it is carried out While 
applying a predetermined voltage to the liquid crystal layer, 
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the change speed of alignment can be further increased, and a 
liquid crystal display device having a high-speed response 
can be implemented. 
[0061] The liquid crystal composition according to the 
present invention comprises the above liquid crystal and poly 
merizable compound. The liquid crystal composition may 
also comprise a polymerization initiator or a sensitizer. 
[0062] The liquid crystal used for the liquid crystal com 
position according to the present invention is not speci?cally 
limited, and any knoWn liquid crystals can be used as long as 
they conform to the essential character of the present inven 
tion. An example of a preferable liquid crystal is a nematic 
liquid crystal. 
[0063] The polymerizable compound used for the liquid 
crystal composition according to the present invention is not 
speci?cally limited as long as the polymerizable compound 
has a polymerizable functional group Which can be polymer 
ized by light, heat or a combination thereof, and any knoWn 
polymerizable compounds that can be used With a liquid 
crystal in a liquid crystal panel may be used. Monomers and 
oligomers can be used. 
[0064] For the polymerizable functional group, groups hav 
ing photo-functionality, such as an acrylate group, methacry 
late group, epoxy group, vinyl group, allyl group and an 
unsaturated double bond can be enumerated. 
[0065] In order to facilitate the acquirement of the align 
ment state of liquid crystal molecules When voltage is 
applied, it is preferable that this polymerizable compound has 
a molecular structure Which can control the director direction 
of the liquid crystal molecules. For such a molecular struc 
ture, an alkyl chain can be used. 
[0066] Therefore, for the polymerizable compound accord 
ing to the present invention, a compound having a polymer 
izable functional group, such as an acrylate group and a 
methacrylate group for acrylic esters, methacrylic esters, etc., 
an epoxy group, vinyl group and allyl group can be used, for 
example. 
[0067] Generally, it is preferable that the liquid crystal 
composition according to the present invention comprises a 
multi-functional polymerizable compound having tWo or 
more functions. This is because crosslinking structures are 
created so that the alignment state of the liquid crystal mol 
ecules at a voltage application can be securely maintained. 
[0068] More speci?cally, a methacrylate monomer, Which 
has a high solubility to a liquid crystal, is preferable as a 
polymerizable compound according to the present invention. 
Examples are dimethacrylate monomers, and trimethylol 
propane trimethacrylate. Trimethylol propane trimethacry 
late (TMPT) the solubility of Which to a liquid crystal is 
several % by Weight is the most preferable. 
[0069] It is considered that When such a polymerizable 
compound is polymerized, resin ?lms made of the polymer 
are formed in contact With the liquid crystal layer, and these 
resin ?lms play a role of controlling the alignment state of the 
liquid crystal molecules. 
[0070] In this Way, the alignment of liquid crystal mol 
ecules after the transition can be uniformly ?xed Without 
generating precipitation of the polymerizable compound in 
the liquid crystal or coagulation during polymerization. 

EXAMPLES 

[0071] NoW examples of the present invention Will be 
described. 

Example 1 
[0072] Example 1 is an application of the present invention 
to a TFT type liquid crystal display device. For the liquid 
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crystal, a nematic liquid crystal having a positive dielectric 
constant anisotropy is used. The alignment control ?lms are 
horizontal alignment control ?lms. A 1.5% by Weight of 
TMPT has been added to the liquid crystal composition. In a 
state Where a 20V AC voltage is applied to the entire surface 
of a panel, a predetermined time elapses and the alignment of 
the liquid crystal molecules is shifted from the splay state to 
the bend state. In this state, ultraviolet rays are irradiated from 
the TFT 33 side via a mask 31, as shoWn in FIG. 3. The 
counter substrate side has CF 34, so it is inappropriate to 
irradiate from this side for the present purpose. 

[0073] Then, Without using a mask, ultraviolet rays are 
irradiated onto the entire surface of the liquid display panel 
While voltage is not applied. In this Way, a structure, Where the 
bend sate of liquid crystal molecules is maintained only in 
speci?c areas in the pixels, can be implemented. 

Example 2 

[0074] As a result of performing the same experiments as in 
Example 1, using a nematic liquid crystal having a negative 
dielectric constant anisotropy as the liquid crystal, it Was 
con?rmed that the OCS state of the liquid crystal molecules 
Was maintained in areas Where ultraviolet rays Were irradiated 
even after tWo Weeks, if 1 .5% by Weight of TMPT Was added. 

Example 3 

[0075] A pixel Was divided into four (A, B, C, D) and the 
same processing as Example 2 Was performed on one (D) as 
the speci?c area. Then, a voltage of 10V Was applied in a state 
Where no voltage had been applied, and as a result, only 
portion D presented a predetermined color one second later, 
as shoWn in the hatched lines in FIG. 4-A, then 10 second 
later, the other portions also presented the predetermined 
color, as shoWn in the hatched lines in FIG. 4-B. 

Example 4 

[0076] This example is the so called “COT structure”, 
Wherein, as FIG. 5 shoWs, the OCB method is used, Where CF 
34 is formed on the same side as TFT 33, and BM 32 is formed 
overlapping With TFT 33. In this case, there is no light shield 
ing element, so ultraviolet rays can be irradiated from the 
counter substrate side. 

[0077] In a state Where the display section Was masked by a 
mask 31 and a predetermined voltage Was being applied, 
ultraviolet rays Were irradiated onto TMPT on the BM 32. 
Then, ultraviolet rays Were irradiated onto the entire surface 
of the liquid crystal display panel Without using a mask at no 
voltage application. In this Way, a structure Where the bend 
state of the liquid crystal molecules is maintained only in 
speci?c areas in the pixels can be implemented. 

[0078] In this Way, the other liquid crystal molecules in the 
splay state quickly change using the bend state of the liquid 
crystal molecules in the non-display section as a core of 
alignment transition, When the liquid crystal panel is started 
up, and hi gh- speed response can be implemented. At the same 
time, retardation change becomes small in the non-display 
section since the movement of the liquid crystal molecules is 
controlled by the polymers formed by polymerization, but the 
actual display is not affected since this is a non-display sec 
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tion, and the suf?ciently large retardation change can be 
implemented in the display section. 

Example 5 

[0079] Splay alignment Was examined. After forming high 
pre-tilt areas to be able to act as a core of the alignment 
transition in the speci?c positions of pixels by performing 
polymerization on the speci?c areas (polymerization per 
formed only in a speci?c area in a pixel) using a mask, the 
mask Was removed, and ultraviolet rays Were irradiated on the 
entire surface of the liquid crystal display panel to carry out 
entire surface polymerization in a state Where voltage Was 
being applied. 
[0080] By this, it Was possible to decrease the residual 
monomers in the panel, and pre-tilting in the entire areas of 
the display section slightly increased. As a result, the groWth 
speed of the bend alignment increased, and it Was possible for 
the bend alignment generated at the core to quickly spread 
throughout the entire areas of the pixels. Speci?cally, the 
bend transition time became 3 seconds at room temperature, 
and 15 seconds at —30° C. The bend transition time is a time 
When a single 1 cm2 pixel completes the alignment transition 
in the entire area by applying 6V. In the case of a usual OCB, 
60 seconds Was required at room temperature, and 200 sec 
onds at —30° C. 

Example 6 

[0081] Splay alignment Was examined. Prior to forming 
high pre-tilt areas to be a core of alignment transition in 
speci?c positions of pixels by performing speci?c area poly 
merization using a mask, the entire surface Was polymerized 
in a state Where a mask Was not used and voltage Was being 
applied. 
[0082] By this, it Was possible to decrease the residual 
monomers in the panel beforehand, and pre-tilting in the 
entire area of the display section slightly increased. As a 
result, the groWth speed of the bend alignment increased, and 
it Was possible for the bend alignment generated at the core to 
spread throughout the entire area of the pixel quickly. 
[0083] For the bend alignment as Well, effects similar to 
those of Examples 5 and 6 could be obtained. 

1. (canceled) 
. (canceled) 

. (canceled) 

. (canceled) 

. (canceled) 

. (canceled) 

. (canceled) 

8. (canceled) 
9. (canceled) 
10. (canceled) 
11. (canceled) 
12. (canceled) 
13. (canceled) 
14. (canceled) 
15. A liquid crystal display device, obtained by disposing, 

betWeen tWo parallel substrates on Which a pair of electrodes 
are formed, tWo alignment control ?lms, and a liquid crystal 
composition comprising a liquid crystal and a polymerizable 
compound that can be polymerized by light, heat or a com 
bination thereof, and then polymerizing said polymerizable 
compound, Wherein: 
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said liquid crystal is a liquid crystal having a negative 
dielectric constant anisotropy; 

said alignment control ?lms are vertical alignment control 
?lms having been subjected to rubbing processing so 
that the rubbing directions are parallel to each other; and 

When voltage is not applied, only liquid crystal molecules 
in a speci?c area in a pixel present splay alignment, or a 
pre-tilted state, or a state Where pretilting is greater than 
other areas. 

16. The liquid crystal display device according to claim 15, 
Wherein said polymerization is performed only for a speci?c 
area in a pixel at a stage When bend alignment of liquid crystal 
molecules at no voltage application has been shifted to splay 
alignment by applying a predetermined voltage. 

17. A liquid crystal display device, obtained by disposing, 
betWeen tWo parallel substrates on Which a pair of electrodes 
are formed, tWo alignment control ?lms, and a liquid crystal 
composition comprising a liquid crystal and a polymerizable 
compound that can be polymerized by light, heat or a com 
bination thereof, and then polymerizing said polymerizable 
compound, Wherein: 

said liquid crystal is a liquid crystal having a positive 
dielectric constant anisotropy; 

said alignment control ?lms are horizontal alignment con 
trol ?lms having been subjected to rubbing processing 
so that the rubbing directions are parallel to each other; 
and 

When voltage is not applied, only liquid crystal molecules 
in a speci?c area in a pixel present bend alignment, or a 
pre-tilted state, or a state Where pretilting is greater than 
other areas. 

18. The liquid crystal display device according to claim 17, 
Wherein said polymerization is performed only for a speci?c 
area in a pixel at a stage When splay alignment of liquid crystal 
molecules at no voltage application has been shifted to bend 
alignment by applying a predetermined voltage. 

19. The liquid crystal display device according to claim 15, 
Wherein polymerization is performed by light, heat or a com 
bination thereof for areas other than said speci?c area before, 
or after, or before and after said polymerization. 

20. The liquid crystal display device according to claim 17, 
Wherein polymerization is performed by light, heat or a com 
bination thereof for areas other than said speci?c area before, 
or after, or before and after said polymerization. 

21. The liquid crystal display device according to claim 15, 
Wherein an entire surface polymerization for polymerizing 
one entire pixel in a state Where alignment has been shifted by 
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applying a predetermined voltage, is performed along With 
said polymerization only for said speci?c area. 

22. The liquid crystal display device according to claim 17, 
Wherein an entire surface polymerization for polymerizing 
one entire pixel in a state Where alignment has been shifted by 
applying a predetermined voltage, is performed along With 
said polymerization only for said speci?c area. 

23. The liquid crystal display device according to claim 21, 
Wherein said entire surface polymerization is performed 
before, or after, or before and after said polymerization for 
said speci?c area. 

24. The liquid crystal display device according to claim 22, 
Wherein said entire surface polymerization is performed 
before, or after, or before and after said polymerization for 
said speci?c area. 

25. The liquid crystal display device according to claim 15, 
Wherein said speci?c area is on a section Where an image is 
not displayed. 

26. The liquid crystal display device according to claim 17, 
Wherein said speci?c area is on a section Where an image is 
not displayed. 

27. The liquid crystal display device according to claim 15, 
Wherein said speci?c area is on an image display section and 
is in the form of dots and/or lines. 

28. The liquid crystal display device according to claim 17, 
Wherein said speci?c area is on an image display section and 
is in the form of dots and/or lines. 

29. The liquid crystal display device according to claim 25, 
Wherein said speci?c area is on a black matrix. 

30. The liquid crystal display device according to claim 26, 
Wherein said speci?c area is on a black matrix. 

31. The liquid crystal display device according to claim 15, 
said liquid crystal display device having no protrusions or 
slits of electrodes for controlling the alignment of liquid 
crystal. 

32. The liquid crystal display device according to claim 15, 
Wherein said polymerizable compound comprises a multi 
functional polymerizable compound With tWo or more func 
tions. 

33. The liquid crystal display device according to claim 26, 
Wherein said polymerizable compound comprises a meth 
acrylate monomer. 

34. The liquid crystal display device according to claim 27, 
Wherein said polymerizable compound comprises trimethy 
lol propane trimethacrylate. 

* * * * * 


